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Summary Many studies have investigated the association between alterations in the p53 gene and clinical outcome of breast cancer, and
most investigators have reported poorer overall and disease-free survival (as indicated by a relative hazard (RH) greater than one) in breast
cancer cases with somatic mutations in p53. However, different studies have produced widely differing RH estimates, ranging from no risk
(RH = 1) to a relative hazard of 23, and not all of these results have been statistically significant. We have therefore reviewed all the published
studies that have investigated the association between somatic mutations in the p53 gene and breast cancer prognosis and used standard
techniques of meta-analysis to combine the results of these studies to produce a more precise estimate of the prognostic significance of p53
mutations. Eleven studies investigated overall survival in a total of 2319 unselected cases. The RH estimates from these ranged from 1 to
23.4 with a combined RH estimate of 2.0 (confidence interval 1.7-2.5). Three studies investigated the role of p53 in node-negative patients
and in these, the combined estimate of RH was 1.7 (1.2—-2.3). For three studies of node-positive breast cancer the combined risk estimate
was 2.6 (1.7-3.9). The inclusion of p53 mutation screening in large breast cancer clinical trials seems warranted in the light of these results.
Analysis of large numbers of cases matched for stage and therapy will allow definitive clarification of the value of p53 mutational status in
prognostication, and possibly choice of therapy.
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The past decade has seen intensive efforts to define molecul@sola et al, 1992; Bianchi et al, 1997) or even improved (Lipponen
genetic events in breast cancer and to correlate these events wéthal, 1993; Gohring et al, 1995) survival in this group of cancers.
its clinical behaviour. One of the most extensively studied genes iBhe use of immunohistochemistry (IHC) is based on the fact that
the tumour suppressor gepd3 which encodes a nuclear phos- mis-sense mutations usually result in an increased half-life of the
phoprotein with cancer-inhibiting properties. The currently protein product and a consequent accumulation of the mutant p53
accepted model for the function of the wild-type p53 protein is aprotein in the nucleus. However, many antibodies used are unable
a multi-functional transcription factor involved in the control of to discriminate between the wild-type and mutant p53. Moreover,
cell cycle progression, DNA integrity and cell survival in cells approximately 20% op53 mutations result in protein truncation
exposed to DNA-damaging agents (Lane, 1992). Arrest of celind these will not be identified by IHC, which has been shown to
cycle progression following DNA damage is thought to represent Aave a sensitivity of 72% and specificity of 92% compared with
basic protective mechanism preventing replication of damagedequencing of cDNA to deteq53 mutations (Norberg et al,
template DNA. Most of the biologically significant mutations 1998).
impair the ability ofp53 to participate in the maintenance of  For these reasons, studies of the association bep#Senuta-
genomic stability. As a result, tumours lacking normal p53 mightions and outcome in breast cancer should provide a more reliable
be prone to other deleterious mutations and to be more aggressivelication of the prognostic value of alterations pB3 As
clinically. expected, most investigators have reported poorer overall and
Many studies have investigated the association between breatisease-free survival (as indicated by a relative hazard (RH)
cancer prognosis and p53 protein expression in tumour cells withreater than one) in breast cancer cases with somatic mutations in
conflicting results. Although most studies have shown a poorep53 In a recent review, Hartmann et al (1997) concluded that
prognosis for breast cancers with increased p53 expression (Thonutations in thgg53gene predict poor outcome in breast cancer’.
et al, 1992; Allred et al, 1993; Barnes et al, 1993; Silvestrini et alHowever, different studies have produced widely differing RH
1993; Elledge et al, 1994; Stenmark-Askmalm et al, 1994; Beck aistimates, ranging from no risk (RH = 1) to a relative hazard of 23
al, 1995; Levesque et al, 1998), others have found no differenand not all of these results have been statistically significant.
The aim of this report was to identify all the published studies
which have investigated the association between somatic muta-
Received 19 November 1998 tions in thep53gene and breast cancer prognosis, and to use stan-
Revised 5 February 1999 dard techniques of meta-analysis to combine the results of these
Accepted 20 February 1999 studies to produce a more precise estimate of the prognostic signif-
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Table 1 Results of p53 mutation testing for individual studies

Somatic p53 mutations and prognosis in breast cancer 1969

Study Mutation detection Case selection No. of p53 Sequencing results
method 2 cases alternations
n (%) Total MS NS F IF Other

Andersen et al, 1993 CDGE exons 5-8 Unselected 163  35(22) 35 27 (77) 2 (6) 6(17) O 0
Bergh et al, 1995 Sequencing cDNA Unselected consecutive series 312 69 (22) 69 45 (65) 7(10) 11(16) 6(9) 0

Node-positive 97 29 (30) NA

Node-negative 201 36 (18) NA
Berns et al, 1998 SSCP exons 5-8 Unselected 222 77 (35) 66 54 (78) 1(2) 4 (6) 0 7 (11)
Caleffi et al, 1994 CDGE exons 5-9 Unselected 192 43 (22) 21 18 (86) 2(10) O 0 1(5)
Elledge et al, 1993 SSCP exons 5-9 Node-negative 200 28(14) 4 1(25) 0 2(0) O 1(25)
Falette et al, 1998 Sequencing exons 2-11 Node-negative 113 18 (16) 18 18 (100) O 0 0 0
Gretarsdottir, 1996 CDGE exons 5-8 Unselected 186 30 (16) 17 12 (71) 1(6) 2(12) O 1(6)
lacopetta et al, 1998  SSCP exons 4-8 Node-negative 422 75(18) NA
Kovach et al, 1996 ddF exons 4-10 Unselected consecutive series 44 13 (30) 13 8 (62) 0 2(15) 3(23) 1(8)
Riou et al, 1993 Sequencing Inflammatory breast cancer 24 9 (38) 5(56) 1(11) 1(11) 1(11) o0 1(11)
Saitoh et al, 1994 ddF exons 2-11 Unselected 52 21 (39) 9 (44)
Seshadri et al, 1996 SSCP exons 5-6 Unselected 727 57 (8) NA

Node-negative 424  NA NA

Node-positive 303 NA NA
Shiao et al, 1995 SSCP exons 5-8 Unselected 92 18 (20) 18 10 (56) 2(11) 211 O 4(22)

White American 47 9 (19) 9 7(78) 0 1(11) O 1(11)

Black American 45 9 (20) 9 3(33) 2(22) 1(11) o 3(33)
Soong et al, 1997 SSCP exons 4-10 Unselected 375 70(19) 21 14 (67) 2(10) 5@23) O 0
Thorlacius et al, 1995 CDGE exons 5, 7, 8 Unselected 106 20 (19) 20 14 (70) 1(5) 5(@25) O 0
Tsuda, 1998 SSCP exons 4-8 Node-positive 150 38 (25) NA
Valgardsdottir, 1997 CDGE exons 5-8 Unselected 87 14 (17) 12 10 (83) 1(8) 0 1(8) 0

MS, mis-sense; NS, non-sense; F, frameshift; IF, in-frame insertion/deletion; SSCP, single-strand conformation polymorphism; CDGE, constant denaturing gel
electrophoresis; ddF, dideoxy fingerprinting.

two studies was similar to the weight for other studies of the same
size.

METHODS

Studies investigating the role of somatic mutationg%3 and

prognosis in breast cancer were identified using the Medline

(National Library of Medicine, Washington, DC, USA) and BIDS ESULTS

databases for 1983 to July 1998 using the search terms ‘breast-

neoplasms’ and ‘p53’ and ‘mutation’. The bibliographies of anySixteen eligible studies were identified. Of these, the breast cancer
studies identified were also hand searched. Eligible studies wermases were unselected in 12, one was a small study of inflamma-
those that reported a survival analysis in breast cancer cases thaty breast carcinoma (Riou et al, 1993), and three included only
had been tested for the presence of somatic mutatiop§3n  cases of node-negative breast cancer. The study of node-negative
Where a single study had been reported on multiple occasionsancer by lacopetta et al (1998) was a more detailed analysis of a
only the most recent report or the report with the most completeubset of patients included in a larger study first reported by
data was included in the analysis. Studies that only investigateSleshadri et al (1996).

p53 expression were excluded from the analysis. Table 1 shows the resultsg3mutation testing in the different
studies. A variety of techniques were used to identify genetic alter-
ations including single-strand conformation polymorphism
(SSCP), constant denaturing gel electrophoresis (CDGE), dideoxy
Details of the calculations described below are given in thdingerprinting (ddF) and DNA sequencing. The number of alter-
Appendix. Combined estimates of risk were obtained by calcuations identified by each study are shown in Table 1. Alterations
lating a weighted average of the log relative hazard estimatesere identified in 539 of 2993 cases tested (18%). This is likely to
Most studies report RH estimates adjusted for other prognostize an underestimate because most studies limited the analysis t
factors in a multivariate analysis. For the meta-analyses, thexons 5-8. Around 10% of alterations were found to occur outside
adjusted values have been used. The 95% confidence intervdlgs region in studies that analysed other exons (see Table 1). For
(Cl) described are either those published, or have been estimatewst of the studies where sequencing was not the primary method
from publishedP-value associated with the RH estimate. Two for identifying mutations, confirmation of some or all of the alter-
studies reported that there was no significant association betweations identified was carried out by sequencing: 319 (59%) of 539
p53mutations and survival, without giving a RH estimate (Caleffialterations were confirmed by sequencing, of which 232 (73%)
et al, 1994; Gretarsdottir et al, 1996). In both these studies thgere mis-sense mutations, 20 (6%) were non-sense mutations, 4C
published survival curves for the two group§3mutation + and  (13%) were insertions or deletions resulting in a frameshift, and 26
—) were very close, and so a RH of 1 was assigned. For the purpd@8%) were other changes including splice site mutations, complex
of the meta-analysis the weight assigned to the log (RH) for theseariants, and in-frame deletions/insertions (Table 1).

Design of meta-analyses
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Table 2 Results of survival analyses for individual studies

Study No. of cases Relative hazard (95% Cl) Variables included in ~ Comments
(median follow-up multivariate analysis
in months) Relapse Death
Andersen et al, 1993  Unselected 163 (48) 2.3(1.2-4.4) 29(1.2-7.1) N,T
Bergh et al, 1995 Unselected consecutive series 312 (57) NA 2.0 (1.0-3.9) AN, T,ER, S, TX
Node-positive 97 NA 2.4 (1.1-5.4) AN, T, ER, S, TX
Node-negative 201 NA 1.1 (NA) AN, T,ER, S, TX
Berns et al, 1998 Unselected 177 (115) 16(1.1-2.4)  1.5(0.97-2.2) AN, T,ER, M, c-myc
Caleffi et al, 1994 Unselected 192 (48) NA not significant Univariate model
Elledge et al, 1993 Node-negative 155 (71) 22(1.1-43) NA A T.ER, PR, S
Falette et al, 1998 Node-negative 113 (105) NA 1.81(0.99-3.30) A, T,ER,PR,G
Gretarsdottir, 1996 Unselected 186 (120) 1.0 (0.9-1.4) 1.0 (0.9-1.4) Univariate model 70% of cases in Iceland 1981-1983
lacopetta et al, 1998 Node-negative 422 (74) 1.6 (1.1-2.5) 2.1(1.3-3.5) T, ER, HER-2/neu, MIB-1 Included data from study first reported
by Seshadri et al, 1996
Kovach et al, 1996 Unselected consecutive series 90 (24) 4.7 (1.4-16) 23.4 (2.4-228) N, T, ER, PR Included data from study first reported
by Saitoh et al, 1994
Riou et al, 1993 Inflammatory breast cancer 24 (54) NA 8.6(1.4-52.5) Inflammatory symptoms,
ER, p53 expression
Seshadri et al, 1996 Unselected 727 (NA) 2.3 (1.5-3.5) 2.4 (1.5-3.8) N, T, ER, HER-2/neu
Node-negative 424 1.9(1.0-34) 2.0 (1.0-4.0) T, ER
Node-positive 303 2.5(1.4-4.4) 2.7 (1.5-5.0) T ER
Shiao et al, 1995 Unselected 92 (NA) NA NA
Whites 47 NA 5.6 (1.4-23.0) A'S
Blacks 45 NA 0.81(0.07-5.51) A, S
Soong et al, 1997 Unselected 198 (57) NA 25(1.2-5.2) N, S, ER
Thorlacius et al, 1995  Unselected 106 (32) NA 3.3(1.6-6.7) AN, T
Tsuda, 1998 Node-positive 150 (44) 1.9 (1.1-3.3) 2.7 (1.2-5.9) Univariate
Valgardsdottir, 1997 Unselected 81 (42) NA 6.6 (2.1-20.3) AT N

A, age; N, nodal status; T, tumour size; ER, oestrogen receptor status; G, histological grade; PR, progesterone receptor status; M, menopausal status;
S, S phase index; c-myc, c-myc amplification; TX, type of therapy.

The results of survival analyses are given in Table 2. ThTable 3 p53 mutations and survival - results of the meta-analyses
numbers of cases included in these analyses was frequently le

than the number tested for mutations, because of incompletene Totalno. of cases - Relative hazard (35%Cl) - Homogeneily test
of data. Median follow-up ranged from 24 to 120 months. Elevel ¥ (df) Pvalue
studies investigated overall survival in a total of 2319 unselecte

cases (Andersen et al, 1993; Caleffi et al, 1994, Bergh et al, 1990{]9@” |5vaz/a/ sa16 20 (w728 23200 001

H . H . : nselectel . A2, . .

Shiao et al, 1995; Thorlacms e_t al, 1995; Grt.atarsdottlr et al, 199f Node-negative 736 17 (1223 263(2) 027
Kovach et al, 1996; Seshadri et al, 1996; Soong et al, 199" \qge positive 550 26  (17-39)  0.06(2) 097
Valgardsdottir et al, 1997; Berns et al, 1998). The RH estimatepisease-free survival

from these ranged from 1 to 23.4 with a combined RH estimate ¢ Unselected 790 15 (1.2-19) 9.2(4) 0.06
2.0 (Cl 1.7-2.5). However, this result needs to be interpreted wit Node-negative 612 17 (@224 021(1) 085

some caution as there was evidence for heterogeneity amongst
studies x? = 23.2, 10 d.f.P = 0.01). Outcome for node-negative
breast cancer according pb3 mutation status was reported in
three studies totalling 736 patients (Bergh et al, 1995; Falette et
1998; lacopetta et al, 1998), one of which was a sub-group

analysis of an unselected case series (Bergh et al, 1995). The

combined estimate of RH for these was 1.7 (1.2-2.3). Threél.1-1.9). Two studies of 612 node-negative cases (Elledge et al,
studies of node-positive breast cancer (Bergh et al, 1995; Seshad@93; lacopetta et al, 1998) had a combined RH of 1.7 (1.2-2.4)
et al, 1996; Tsuda et al, 1998), two of which were sub-grougor disease-free survival.

analyses, were carried out for 550 node-positive cases with a Several studies have compared the predictive valup58f
combined risk estimate of 2.6 (1.7-3.9). Although the overalimutations with that of p53 protein expression (Thorlacius et al,
survival RH was higher in the node-positive than the node-negat995; Kovach et al, 1996; Valgardsdottir et al, 1997; Falette et al,
tive cases there was no statistically significant difference between998; lacopetta et al, 1998; Norberg et al, 1998). As would be
them §2=2.79, 1 d.f.P = 0.09). Disease-free survival was inves- expected, given the shortcomings of immunohistochemical tech-
tigated in five studies of 790 unselected patients (Andersen et aliques for the detection of abnormal p53 protein products, all but
1993; Gretarsdottir et al, 1996; Kovach et al, 1996; Seshadri et ajne of these (Tsuda et al, 1998) found {#%8 mutations were of
1996; Berns et al, 1998). The combined relative hazard was ldreater prognostic value than p53 expression.
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Figure 1  Funnel plot of relative hazard of overall survival for breast cancer 0.1 1.0 10.0
cases with somatic mutation in p53 by individual study. Studies are plotted in Relative hazard
order according to the variance of the log relative hazard estimate. Tendency
for smaller studies to have effect sizes greater than the common risk Figure 2 Funnel plot of relative hazard of disease-free survival for breast
estimate provides evidence for publication bias (see text) cancer cases with somatic mutation in p53 by individual study
DISCUSSION 1. Have all relevant published studies been identified?

2. Are the results of the studies compatible with each other

We have identified 16 studies that have investigated the associa- (IS there heterogeneity)?
tion between somatic mutations in th83 gene and survival in > Has there been publication bias?
breast cancer. The proportion of breast cancers with mutations in Whether we have been able to ascertain completely all relevant
p53reported in these studies is similar to that from other studiegtudies is unclear. However, we believe we have identified all
(Hartmann et al, 1997), and the spectrum of mutations is similar tgublished studies in which a survival comparison between breast
that reported on the53mutations database (International Agency cancers with and withows3mutations was a major component of
for Research into Cancer, 1998). Greater than 90% mutationge study. The importance of possible study heterogeneity is also
reported to this database occur in exons 5-8, and of these, 72% aifficult to assess. Given the differences between studies in study
mis-sense mutations, 7% non-sense, 15% frameshift and 6% othpbpmaﬂons, treatment regimens, methods for determipbgy
Most, but not all, studies found that survival was significantlymutation status, and measurement of potential confounding
poorer in cancers with p53 mutation. In the meta-analysis, the factors, some degree of heterogeneity between studies is expectec
association betweem53 mutation and overall survival was |ndeed, for the 11 studies with unselected cases, there was statis
confirmed for unselected, node-negative and node-positive breag¢al evidence of heterogeneity, with no single study making a
cancer. It is possible that this association is the result oubstantial individual contribution to the heterogeneity statistic.
confounding by some other factor. However, most studies carriegvhether it is then appropriate to combine the results of these
out multivariate analyses to control for a variety of other knownstydies depends to some extent on the sources of that hetero
prognostic markers, and whichever factors were included in thesgeneity. For example, there is some evidence that the prognostic
analysesp53 was retained in the final multivariate models. In significance ofp53 mutations varies between node-negative and
addition, where the results of both univariate and multivariatgyode-positive patients, and so differences in patient populations
analyses were reported, the univariate RHp$@mutations were  with respect to node status could account for some of the hetero-
little different from the multivariate RHs. This suggests fi8is  geneity. However, the effect of this is likely to be limited as, where
an independent prognostic marker. reported, the proportion of node-negative patients was similar in
The possibility of bias also exists, and in interpreting the resultge various studies. Publication bias (discussed below) is another
of a meta-analysis, three important questions need to be asked: potential source of heterogeneity, and likely to be more important.
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1972 PDP Pharoah et al

The possibility of publication bias — that is the non-publicationREFERENCES
of studies with findings that are not statistically significant — is a
major concern in any systematic review. If publication bias is operé\as T, Borresen A_\L| Geisler S, Smlth?$orensen B, .Johnsen H, Vqrhaug \?E, Akslen
ating. one would expect that of published studies. the larger ones LA and Lonning PE (1996) Specific p53 mutations are associated with de novo
g p . _p g g_ resistance to doxorubicin in breast cancer patid@#sMed2: 811-814

report the smaller effects. This is because small positive trials al@ired e, Clark GM, Elledge R, Fugua SA, Brown RW, Chamness GC, Osborne
more likely to be published than small negative ones (Egger and CK and McGuire WL (1993) Association of p53 protein expression with tumor
Smith, 1995). The occurrence of this can be examined using the cell proliferation rate and clinical outcome in node-negative breast cancer.
funnel p|0t (Figure 1) in which the effect size is plotted againSt/-\ndeJrs,\(‘eiﬂTfal-r:gﬁr: |£S?\l5é;22;€0§ Heimdal KR, Ottestad L and Borresen AL
se_lmple s'zelva“_ance' In the absence of pUbllcatlon_blas'_the plpt (1993) Prognostic significance of TP53 alterations in breast carcif@mia.
will resemble an inverted funnel centred on the combined risk esti-  canceres: 540-548
mate, with the results of the smaller studies being more widelfames DM, Dublin EA, Fisher CJ, Levison DA and Millis RR (1993)
scattered than those of the larger studies. This, however, does not 'mm“r‘or:'sutmhem'cg' dmzc“ot’? ‘zfp5t3 p“f’te'” '”dzgrga?é C;L?'”Oma:
occur for the 11 studies of unselected cases. The seven larger G "Pam e neepencent ndeaiorotprogn afholes:
studies are fairly evenly scattere_d about the common risk estimalgeck T, Weller EE, Weikel W, Brumm C, Wilkens C and Knapstein PG (1995)
but for the four smaller studies, the RH estimate increases Usefulness of immunohistochemical staining for p53 in the prognosis of breast
inversely with study. This suggests, as predicted, that there has carginom_as: correlations with established prognosis parameters and with the
been selective publication of small studies with significant positive _Proliferation marker, MIB-1Gynaecol Oncdb7: 96-104

P . 9 P K eBergh J, Norberg T, Sjogren S, Lindgren A and Holmberg L (1995) Complete
results. Becausle these studies are sz’-:lll, they carry less We'gh‘t than sequencing of the p53 gene provides prognostic information in breast cancer
the larger studies, and have only a minor effect on the combined patients, particularly in relation to adjuvant systemic therapy and radiotherapy.
RH estimate. Excluding the four smallest studies from the  NatMedl: 1029-1034
combined analysis reduces the combined RH estimate from 23S EM. van Staveren ”-’f'ﬁgg";' ?g‘_'d M K"J“tJGt g”‘\ldAFer?“ts A (19?8)

P . utations in residues o at directly contac predict poor outcome

(1_'7 2'5) tol8 (1'4 2'_3)' AIthOUgh the obser_veq pu_bl_lcatlon bias in human primary breast cancBr.J Cancer77: 1130-1136
will produce an overestimate of the true association, it is extremelyianchi s, calzolari A, Vezzosi V., Zampi G, Cardona G, Cataliotti L, Bonardi R and
unlikely that publication bias has resulted in a Type | error; that is  Ciatto S (1997) Lack of prognostic value of p53 protein expression in node-
the finding of a significant association, where no such association negative breast cancdumori 83 669-672 '
exists. We estimate that a study or studies of 1500 cases with Ri§"een AL, Andersen TI, Eyfiord JE, Cornelis RS, Thorlacius S, Borg A,

n ) . h . di i h d id b Johansson U, Theillet C, Scherneck S, Hartman SlI, Cornelisse CJ, Hovig E and
of 0.5 (i.e. in the opposite !re_Ctlon tO_ t _a_t expected) wou € Devilee P (1995) TP53 mutations and breast cancer prognosis: particularly
needed to change the statistically significant RH for overall  poor survival rates for cases with mutations in the zinc-binding donGémes
survival to statistical non-significance. Chrom. Canced4: 71-75

We have confirmed that, in general, mutation%3 confer a Bres'AOW :\‘E,a”‘f“cjay NCE (igﬁza?gcf' Mett_h"dls: Cancfer ieseam'cﬂ. 1The
worse overall survival and disease-free survival in breast cancer Cgié’:r's& o sermontior STadaiemations Ageney for Fesearen on
cases, and thls Effea is independent Of O'[h(?l’ risk factors_. Whethggeffi M, Teague MW, Jensen RA, Vnencak-Jones CL, Dupont WD and Parl FF
the prognostic significance of all mutations is the same is open to  (1994)p53gene mutations and steroid receptor status in breast cancer.
doubt. Bergh et al (1995) reported that prognosis for mutations in  Clinicopathologic correlations and prognostic assessranicer73;
conserved regions Il and V was worse than for mutations in the 2472156

d g. d d d . Egger M and Smith GD (1995) Misleading meta-analy&isvled J310 752—754
conserved regions Il and [V and non-conserved regions, angeqge rm, Fugua SA, Clark GM, Pujol P, Allred DC and McGuire WL (1993)
Borresen et al (1995) reported that mutations in the zinc-binding  prognostic significance @53gene alterations in node-negative breast cancer.

domain (Codon 163-195 and 236—-251) have worse prognosis than Breast Cancer Res Trea6: 225-235
mutations elsewhere. Elledge RM, Clark GM, Fuqua SA, Yu YY and Allred DC (1994) p53 protein

. . P accumulation detected by five different antibodies: relationship to prognosis
Doubt also remains about the therapeutic significanceS8f and heat shock protein 70 in breast car@ancer Re§4: 3752-3757

mutations. One study suggested that locoregional radiotheragjette N, Paperin MP, Treilleux I, Gratadour AC, Peloux N, Mignotte H, Tooke N,
improves survival in breast cancer cases WhBB mutations but Lofman E, Inganas M, Bremond A, Ozturk M and Puisieux A (1998)

not for those with wild-typg53 (Jansson et al, 1995). However, Prognostic value of P53 gene mutations in a large series of node-negative
another study found that adjuvant systemic therapy, especially breast cancer patienSancer Re$8: 1451-1455

ith if | ith radioth d be of | I ring UJ, Scharl A, Heckel C, Ahr A and Crombach G (1995) P53 protein in 204
with tamoxifen, along with radiotherapy seemed to be of less value patients with primary breast carcinoma—immunohistochemical detection and

to p53mutation tumours (Bergh et al, 1995), and Aas et al (1996) clinical value as a prognostic factéirch Gynaecol Obste@56 139-146
found thatp53 mutations were associated with primary resistanceGretarsdottir S, Tryggvadottir L, Jonasson JG, Sigurdsson H, Olafsdottir K,
to doxorubicin therapy. If these findings were to be confirmed, Agnarsson BA, Ogmundsdottir H and Eyfjord JE (198B53mutation

Lo . . e analyses on breast carcinomas: a study of paraffin-embedded archival material.
they would have significant clinical implications. Br J Cancer74: 555561

Answers to questions of th_e prognostic ar_‘d therapeu@ic Sig_r‘iﬁFIartmann A, Blaszyk H, Kovach JS and Sommer SS (1997) The molecular
cance ofp53status are most likely to be obtained by the inclusion  epidemiology 0p53gene mutations in human breast caritemds Genet3:
of p53 mutation screening in large breast cancer clinical trials. 27-33 _ _
Although costly the cost would be justified by the clinical impor- lacopetta B, Grieu F, Powell B, Soong R, McCaul K and Seshadri R (1998) Analysis

fth . | Ivsis of | b f of p53 gene mutation by polymerase chain reaction — single strand
tance of the questions. On y an analysis Ot large nUmMDers Of Cases .,niormation polymorphism provides independent prognostic information in

matched for tumour size and nodal status and therapy will allow  node-negative breast candgtin Cancer Red: 15971602
definitive clarification of the added value pf3 mutational status  International Agency for Research into Cancer (1998) The IARC database of
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